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[’f‘he results reported in the paper indicate the sbsence of
isotopic exchange in phosphorus compounde which potentially
could be utilized for the enrichment of dispersed radioactive
phosphorus by soms method other than that iavolving an isotopic
exchange reaction. The results obtained serve as experimental
proof of A, Ye. Arbuzov's assumption to the effect that hypo-
phosphorous acid exists in two tautomeric forms.

. Research on the isotopic exchange of phosphorus in phosphorus oxyacids
and their derivatives has been confined to systems in which cue of the com-
ponents is phosphoric acid {or its anion), with P32 (1) as the tracer. In
no case has any exchange been discovered, even with prolonged heating (2).
This has been explained, as in other similar cases (3), by the coordination
stability of the phosphorus atom symuetrically surrounded by four oxgyen
atoms in the POf~~ fon., It might be expected that exchange between hypo-
phosphorous and phosphorous acids (or their salts) would be posgible, since . v
the bond between the phosphorus atom and the external coordination sphere
in them should be weaker.

The study of these systems 1is particularly interesting as we can assume
the exisence of the tautomerism of phosphorcus acid (4) on the basis of
A. Ye. Arbuzovis discovery of the duality of reactions of symmetrical and
unsymmetrical derivatives of phosphorous acid and of isameric conversions
of the esters of this acid. Such a teutomerism is highly probable for hypo- .
phosptorous acid (%, 5).
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Serving us as the initial radiosctive phosphorus compound wae NaQHPOk,
which was added to barium phosphate Ba(H2P04)2 in solution, The active
barium phosphate produced in this manner was dried, mixed with carbvon, and
celcined to 1,2000, The white phosphorus separating out at this point was
collected under water and thenboiled with a saturated solution of barium hy-

™ droxide, The solution was evaporated on & water bath until crystals of barium
hypophosphite appesred, and these were dried at T00, Free hypophosphorous
acid was prepared by the sareful interaction of the solution of the barium
salt with sulfuric acid, and the acid‘'s potassium salt was obtained by the
interaction of the same solution with potassium sulfate. The resultunt hy-
pophosphorous acid contained no more thar l% H3P03, and its potassium salt

contained no phosphkite.

Ordinary nnnradioactive phosphorous acld was obtained by the hydrolysis
of phosphorus trichloride and the dessication of the crystals formed. To
obtain this acid's calcium salt, the solution was neutralized with alkali.

The total content of both cf the phosphorus acids or of their salts in
solution was determined by the jndometric method (6}. For their separation,
we used the differing solubility of the barium salts. Barium phosphite was
precipitated with barium nitrate in the presence of acetic scid erd sodium
acetate (6). The radioactivity of barium hosphite was measured in preci-
pitates of densiiy up to 10 mg/aq cm Eic . The initial radioactivity of
the solutions was measured iu the dry residue from the ewvaporation of &
weighed portion by the usual means, The sctivity ol 2 gtandard preparation

was measured simultanecusly with all other measursments.

The activity values cited below are given in counts per minute, corrected
against the background (about 30 counte), and calculated for one mole equiva-~
lent of phosphorus. Concentrations are given in millimoles per 1 gram of solu-

tion.

The exchange experiments yielded the folilowing results: the solution of
0.354-N Kﬂgl’*02+ 0.522-N KpHPO3 at room temperature {over various time inter-
vals up to T3 hr), yielded precipitates of RaBPQ. with an activity of 0 %10,
while for 1001: exchange the activity of these précipitates should have been
870-750 £ 20 in the various experiments, The same result was oLtained with
heating for 5 hr to 700, and also in the presence of 2,4%-N KOH or 3.3-N HC1
after 24 hr at room temparature. The solution of 0.832-N H3P¥0; + 0.998-N
H3P03 after 8-50 hr at room temperature yielded a precipitate of BaHPO3 with
an activity of 20 & 10, instead of 695-630 % 20, corresponding to 100% ex-
change, The same result was obtained by heating for 5 hr to 700, and also
upon the addition of 2.0-N HC1 in the course of T2 hr at room temperature.

In the more accurate experiments, with increased activity of compounds and
with weighed portions of the samples belng measured, the mixture of 1,035 g

of HyP*0p + 1,241-N HyPO3 after 208 hr at room temperature and after 6 br at
700 gave nrecipitates”of” BaHPO with an activity of up to 1 + 3; for total ex-
change the activity of these precipitates ghould have been equal, respectively,
to 590 £ 20 and 900 * 20, In the presence of 2.0 N HC1 after 6 hr at 709, the

activity was 5 & 3.

From the cited datr it is evident that between hypcphosphorous and phos-
phorous acids, as well as between their potassium salts, no isotopic exchange
of phosphorus takes place, even with heating or in the presence of acids or
alkalis.

In certain experiments, iodine was added in a concentration reaching 0.016-
0.020-N, which corresponded to & 1.2% oxidation of hypophosphorous acid. This
aleo did not bring sbout an exchange. The experiments in the presence of iodine
were repeeted with a higher concentration of it. In one series, with a solutlon
of 0,137-N H3P*02 + 0.210-N II3PO3, jodine was added in an amount equal to 0,081-N,

which corresponds to & 29,3% oxidation of bypophosphorous acid. .
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The following data are presented 1n Table 13 <+the quantity of oxidized acid
found by lodometric titration; the observed number of counts produced by the
BaHPO; precipitate; apd the uumber of counts corresponding by calculation to the
quantity of radioactive iodine Eic s should be phosphorus/, whick passed into
the phosphorous acid as a result of the oxidation of hypophosphorous acid. Both
values agree to within 3%, which corresponds to errors in measurement, The dif-
ference between them does not increase with time, All this points to the absence
of exchange between both acids. A complete exchange would yield the number of
sounts shown in the 1ast column of Teble 1.

Table I. Exchange Data for 29.3% Oxidation of Hypophosphorous Acid

No of Counts/Min

Calculated Calculated

% Oxi- From % for 100%
Time (hr Temp (o¢) dation Observed Oxidation Exchange
1 Room 28.9 2,340 2,160 5,100
6 " 30.4 2,410 2,240 5,050
a3 " 28.9 1,620 1,620 4,240
117 " 30,3 1,470 1,470 i+, 040
7 ¥( 31,8 2,310 2,160 L, 650
B L0 50

Nor is exchange brought about by the addition of potassium iodide in 0.377-N
concentration to A solution of 0.649-N H3F*02 + 0.995-N H3P03‘, which corresponds
to a 19% reduction of phosphorous acid.

The absence of exchange in the presence of jodine or its enion requires a
special explanation. In the oxidation-reduction system H3P02 + Int Hy0 =
P03 + 217 4+ DH+ there certainly are forward and reverse reactions which
should lead to exchange with a velocity commensurate with the velocity of the
reactions of oxidation or reduction. In the analogous H3As*0 -H3A301,, systenm
in the presence of lodipe or in Ip*+ 104 {7), exchange procee easily.

The absence of exchange in the systems which we investigated would be most
easily explained by the irreversibility of the resctions of oxidation of hypo-
phosphorous acid and reduction of phospaorous acid. However, on the basis of
chemical. data, there is no doubt that these reactions are reversible.

i

The cortradiction is eliminated if we assume the existence of two tauto-
meric forms of hypophosphorous acid: the ordipary "ypactive," assymetrical
0 = PVE(OH) &nd the "active ," eymmetrical SpIII{0M),. The gbnversion of the
pirst into the second precedes the oxidation by lodine, This conversion is 2
slow stage which determines the kinetics of the whole reaction, while the stage
of interaction with iodine takes: place rapidly and practically irreversibly: |

s 1o + HYO
H3PO2 P4 HqPOp > I'3P04
(inactive) (ac%ive)

The reaction reducing the phosphorous acid must teke place by the same
stages in the opposite direct.un. The first reversible neaction cannot lead .
to exchange. The second would produce an exchange if it proceeded reversibly, .’ ,
but, since it proceeds irreversibly, there is no exchange., ‘
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The kinetic investigations of & group of authors (5) have led to the same
oxidation reaction scheme, The data cbtained in this work can be considered
as A gubstantial confirmation of the widespread, but until now not directly
substantiated, hypothesis on the taudtomerismof hypophosphorous acid, because
it would be difficult to explain the matter otherwise.
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